In this paper, we demonstrate an attachable energy-harvester-powered wireless vibration-sensing module for millingprocess monitoring. The system consists of an electromagnetic energy harvester, MEMS accelerometer, and wireless module. The harvester consisting of an inductance and magnets utilizes the electromagnetic-induction approach to harvest the mechanical energy from the milling process and subsequently convert the mechanical energy to an electrical energy. Furthermore, through an energy-storage/rectification circuit, the harvested energy is capable of steadily powering both the accelerometer and wireless module. Through integrating the harvester, accelerometer, and wireless module, a self-powered wireless vibration-sensing system is achieved. The test result of the system monitoring the milling process shows the system successfully senses the vibration produced from the milling and subsequently transmits the vibration signals to the terminal computer. Through analyzing the vibration data received by the terminal computer, we establish a criterion for reconstructing the status, condition, and operating-sequence of the milling process. The reconstructed status precisely matches the real status of the milling process. That is, the system is capable of demonstrating a real-time monitoring of the milling process.
INTRODUCTION
Recently in the society of wireless sensors network, researchers demonstrated an innovative wireless sensing/monitoring application for machining monitoring [1] . In the application, the wireless sensing system is used to sense, analyze, and monitor the temperature of the milling cutter in the machining process. This real-time monitoring prevents the machining failure caused by over-heating in the process and subsequently enhances the reliability of the machining tool. However, the maintenance becomes difficult due to the battery replacement issue in the case of numerous sensors used in a sensornetwork. To address this issue, an energy-harvester-powered (i.e., toward self-powered) wireless sensing system is a preferred solution. Nowadays, solar cells are comprehensively used as the energy harvesters for powering the wireless sensing system. However, solar-cell-powered wireless sensing system is not suitable for indoor applications, especially inappropriate for monitoring the machines in a factory. Therefore, researchers use vibrational energy harvesters [2] (such as piezoelectric, electromagnetic, and electrostatic energy harvesters) instead of the solar cells to generate power for the indoor applications. However, the circuit for piezoelectric energy harvesters is more difficult than electromagnetic energy harvesters. Thus, electromagnetic energy harvesters are comprehensively utilized by the researchers to power the wireless sensing systems for the indoor applications. That is, more appropriate for monitoring the machines in a factory. More recently, researchers demonstrated an electromagnetic energy harvester powering a wireless sensing system for health monitoring of a spindle [3] . However, both the harvester and wireless sensing system have to be embedded into the spindle of the machine. Consequently, the spindle must be modified (i.e., customized/non-standard spindle). This causes serious issues in design and manufacturing of the customized/non-standard spindle to both spindle-and machinemanufacturers. More seriously, the customized/non-standard spindle may not be fully compatible with the existing machines. This results serious problems in machining. Therefore, an attachable (i.e., nondestructive for the spindle) selfpowered wireless sensing system is needed. Hence, in this paper, we demonstrate an attachable energy-harvesterpowered wireless vibration-sensing system for machining monitoring. The photograp ectified circuit. [8] [9] 
CONCLUSION
We have successfully demonstrated the energy-harvester-powered (i.e., self-powered) wireless vibration-sensing system for read-time monitoring of a milling-process. The electromagnetic energy harvester harvests the mechanical energy from the milling and subsequently converts the mechanical energy to electrical energy to power the MEMS accelerometer and wireless module. The result shows the system successfully senses the vibration occurred in the milling and subsequently transmits the vibration data (voltage signals) to the terminal computer. Furthermore, based on the criterion we established through analyzing the vibration data received by the terminal computer, the operating-sequence of the milling machine is successfully reconstructed. This achieves a real-time monitoring of the milling process toward an intelligent machining-monitoring system. In the future, we will investigate and develop more advanced smartmachining functions for the self-powered sensing system.
